Purpose. To assess factors that influence 4-year mortality following hip fracture surgery in a Japanese population. Methods. Records of 129 hips in 24 men and 103 women aged 50 to 103 (mean, 79) years who underwent surgery for femoral neck or trochanteric fractures were reviewed. Clinical data reviewed included age, gender, body mass index (BMI), side of fracture, fracture type, fracture stability, surgery type, interval from admission to surgery, length of hospital stay, number of pre-fracture comorbidities, pre-fracture ambulatory level, pre-fracture place of residence, preoperative dementia, preoperative skeletal traction, blood haemoglobin level, serum albumin level, number of postoperative complications, and postoperative delirium. Univariate and multiple logistic regression analyses were performed to identify the relative contribution of the variables to mortality. Receiver operating characteristic (ROC) curves were used to identify optimal cut-off levels.
INTRODUCTION
Hip fractures are a major cause of morbidity and mortality in osteoporotic elderly people. Over 90 000 cases of hip fractures were reported in Japan in 1997 1 ; the incidence has increased from 2004 to 2006. 2 Patients with a history of hip fracture have a significantly higher mortality rate in the following year than age-matched controls. 3 Factors affecting ambulatory ability and mortality after hip fracture include delirium, delayed surgery, comorbidities, gender, and nutritional state, [4] [5] [6] [7] [8] whereas cerebrovascular accidents and Parkinson's disease have no significant effects. 9, 10 Most studies focused on one-year mortality after hip fracture; we assessed factors that affect 4-year mortality following hip fracture surgery in a Japanese population. 11, 12 ), surgery type (hemiarthroplasty or internal fixation using cannulated cancellous screws alone, compression hip screws or intramedullary nails), interval from admission to surgery, length of hospital stay, number of pre-fracture comorbidities (Parkinson's disease, diabetes mellitus, asthma, congestive heart failure, cardiac arrhythmias, ischaemic heart disease, previous cerebrovascular accident, renal disease, cancer, hypertension, chronic obstructive pulmonary disease, and rheumatoid arthritis), pre-fracture ambulatory level (able to walk alone with or without an assistive device or a helper, or bedridden or unable to ambulate but able to sit on a chair 13 ), pre-fracture place of residence (home or geriatric hospital/nursing home), preoperative dementia (loss of function in multiple cognitive domains severe enough to cause impairment in social and occupational functioning 14 ) , preoperative skeletal traction (performed at the proximal tibia for repositioning of the fracture), blood haemoglobin level (fasting), serum albumin level (fasting), number of postoperative complications (namely deep venous thrombus, wound infection, urinary tract infection, decubitus ulcers, and pneumonia), and delirium (reversible changes in mental status characterised by confusion, disorientation and impaired reality testing, as well as in consciousness and sleep and wake cycle 14 ). Survivorship and the ambulatory level of the patients at the final follow-up were assessed via telephone, using a standardised checklist. If the patient was unavailable, a family member or caregiver was interviewed instead. If the patient was dead, the interval between surgery and death was recorded. Annual mortality rates were compared with those of the general population in Japan (based on the Ministry of Health, Labour, and Welfare 15 ). A univariate analysis of variables in patients who survived to year 4 and those who did not was performed. Categorical variables were tested using Chi squared or Fisher's exact probability tests. Continuous variables were tested using Student's t test. The relative contribution of the variables to mortality was identified using a multiple logistic regression analysis with stepwise variable selection. The optimal cut-off points of the significant factors were determined using receiver operating characteristic (ROC) curves. 16 This involved plotting the true-positive rate (sensitivity) against the falsepositive rate (1-specificity) for possible cut-off scores. Each point on the ROC plot represented a sensitivity/ specificity pair corresponding to a particular decision threshold. A Kaplan-Meier curve was produced with a threshold level, defined as the highest sensitivity/ specificity combination based on the ROC curve for the most capable predictor of mortality after hip fracture. Death was the end point. Statistical significance was evaluated by the log rank test, and a p value of <0.05 was considered significant.
MATERIALS AND METHODS

Between
RESULTS
The survival rates of our hip fracture patients at postoperative year one, 2, 3, and 4 were 90%, 76%, 63%, and 52%, respectively, which were lower than those of the general population (Fig. 1) (Table 2) .
Based on the ROC curves, the cut-off points for serum albumin level and BMI were 36 g/l (sensitivity, 75%; specificity, 65%) and 18.9 kg/m 2 (sensitivity, 78%; specificity, 50%), respectively (Fig. 2) .
Kaplan-Meier curves with threshold levels based on the ROC curves showed that survival rates were significantly worse in patients with a serum albumin level of <36 g/l (p<0.0001, log-rank test) or a BMI of <18.9 kg/m 2 (p<0.01, log-rank test) [ Fig. 3 ].
DISCUSSION
One-year mortality rates after hip fracture range from 11 to 33%. 7, 8, 13, 17 The impact of hip fracture on mortality is primarily in the first year. 18 Survival curves after hip fracture reveal a dramatic decline at the beginning and thereafter ran almost parallel to the expected curves of the general population. 15, 19, 20 In our study, the survival curve declined gradually and continued to diverge from the expected curve during the study period, indicating that the mortality risk continued even after the early period. Such a gradual decline in survival has also been reported. 21, 22 Factors influencing mortality after hip fracture include gender, 5 these studies examined factors influencing one-year mortality. In our study, low serum albumin level and BMI were significant factors influencing the 4-year mortality after hip fracture, with cut-off levels of 36 g/l and 18.9 kg/m 2 , respectively. Both factors are considered markers of poor health (malnutrition).
There is a close association between malnutrition and outcome following hip fractures. Elderly patients with femoral neck fractures are often malnourished. 23 A low serum albumin level is a major risk factor for hip fracture. 24 A serum albumin level of <35 g/l was predictive of increased in-hospital mortality. 6 Patients with albumin gain during rehabilitation had better functional outcomes on discharge according to Functional Independence Measure scores. 25 Dietary intervention may favourably affect longer-term outcomes after hip fracture. The rates of complication and death were significantly lower 6 months after femoral neck fracture in patients receiving daily oral nutrition supplement than in those who did not. 26 The serum albumin level is a marker of the body's protein status, and low levels increase the risk of poor outcomes from various medical conditions, such as coronary heart disease, cardiac surgery, and pneumonia. [27] [28] [29] In older persons, low albumin levels are associated with loss of appendicular skeletal muscle mass, 30 and in particular immobilisation after hip fracture surgery leads to a decline in muscle mass, strength and function. 31 Such adverse systemic effects on health (including functional decline) resulting from low serum albumin levels may increase mortality.
Limitations of this study were the small number of patients reviewed and the retrospective nature of analysis. Further prospective multi-centre studies are needed to confirm our results.
